DBS on severity of dystonia, disability, and pain; impact on neuropsychological function; and QOL.
Clinical Material and Methods

Patient Population
All patients were men and had clinically diagnosed dystonia causing severe functional impairment despite optimized medical therapy. In all patients, cervical dystonia was the most prominent feature, with some patients having additional disabilities. There was no prior history of neurosurgical procedures, dementia (Mini-Mental State Examination score Ͼ 24), psychiatric illness, or identifiable secondary causes of dystonia. The protocol was approved by the institutional review board of the University of Pennsylvania, and all patients provided written informed consent.
Baseline characteristics of the four patients prior to surgery are shown in Table 1 . The mean age at time of surgery was 50.2 years (range 41-56 years) and the mean duration of illness prior to surgery was 24.5 years (range 10-39 years). All patients had disability from dystonia that was refractory to multiple medication trials and chemo-denervation with botulinum toxins A and B.
Case 1. At 41 years of age, this patient began experiencing symptoms of torticollis to the left and head tremor that had progressively worsened over the ensuing years. At the preoperative evaluation, there was severe retrocollis, right torsion, and left laterocollis with irregular, high-amplitude head tremor, as well as marked blepharospasm, lip pursing, severe dysarthria, and moderate left arm and mild truncal dystonia. Range of neck motion after the induction of general anesthesia revealed a significant fixed deformity (Table 1).
Case 2. When this patient was 40 years old, he experienced torticollis with onset of right head turn. Over the course of 10 years the torticollis worsened, and severe neck and shoulder pain was exacerbated by working at a computer for extended periods. Pain was the main source of disability. Baseline examination showed severe right torticollis, mild left tilt, left shoulder elevation, and moderate irregular, jerky, left hand and head tremor. He was unable to maintain a neutral position for more than a few minutes, and a sensory trick using the hand to push the chin to midline was only partially effective.
Case 3. This patient began experiencing head turning to the right at 15 years of age. His brother had spasmodic dysphonia. Genetic tests were not performed according to patient's wishes. Pharmacological treatment for head tremor and neck pain was initiated at age 44 years. At age 48 years, a fall from a ladder resulted in fractures of the face, rib, and left leg resulting in permanent left foot orthopedic deformity. Medications, botulinum toxin injections, and nerve blocking agents did not provide sufficient or sustained relief. Prior to DBS surgery, he exhibited right torticollis, left laterocollis, and severe retrocollis with pronounced head tremor. Because of the retrocollis and a lordotic posture, he was mostly chair-bound and could at most walk several feet with a cane. Frequent mouth pursing at rest and profound retrocollis interfered with self-feeding. Fixed limitations in ROM at the neck were noted after induction of general anesthesia (Table 1) . Baseline examination showed hypertrophy of the left sternocleidomastoid muscle, right head turn, left tilt and lateral shift, retrocollis, and intermittent head tremor, most prominent with neck flexion. Bilateral hand posturing was present intermittently at rest and with action. There was a jerky tremor of the left hand. Gait was severely affected from constant right foot intorsion and left ankle flexion making the patient unable to place his feet flat on the ground.
Surgical Procedure and Stimulator Programming
Permanent quadripolar DBS electrodes (model 3389, Medtronic, Inc.) were implanted in the STN bilaterally following stereotactic localization with MR imaging guidance after induction of general anesthesia as described in detail elsewhere.
14 Prior to electrode placement but with the patient in a state of anesthesia, passive ROM of the neck was measured to determine to what extent there were fixed deformities. The patients underwent postoperative MR imaging to confirm optimal electrode location within the STN. The neurostimulators (Soletra, Medtronic, Inc.) were placed subcutaneously in the subclavicular region the same day. The stimulators were turned on and initially programmed 1 week following surgery. Medications and stimulator settings were adjusted at monthly intervals for the first 3 months and thereafter according to the patient's clinical status (Table 2) .
Clinical Evaluations
Clinical evaluations were done at a presurgical visit and at 3 and 12 months after surgery. Patients were examined and videotaped before and after surgery according to a standardized protocol incorporating elements of the validated BFMDRS 1 and the TWSTRS. 4 Intraoperative neck ROM evaluations are displayed in Table 1 . During the postsurgical evaluations, patients underwent examinations in the stimulator-on and stimulator-off states; both the patient and the examiner were blinded to stimulation status. There was a 30-minute interval between adjusting the stimulators either on or off and the clinical evaluation. This length of time was chosen to balance the capture of a difference in stimulation states with minimization of patient discomfort when stimulation was turned off. Patient-scored QOL, functional, and disability scales and neuropsychological evaluations were all administered during the stimulation-on state. A movement disorders specialist, blinded to both the surgical status and the stimulation status of patients, independently rated the videotaped examinations using the TWSTRS for cervical dystonia and BFMDRS movement scale for segmental or generalized dystonia if there was involvement of additional areas. Mean changes and standard errors of the mean in scores were calculated for each subscore of the two scales. Analysis of variance was performed on the subscores of the TWSTRS and the BFM-DRS to determine whether there was a significant difference in scores over time, and probability values were generated.
Quality of Life
To determine the impact of this procedure on QOL the SF-36, widely used and validated in multiple disease states and heterogeneous populations, was administered before surgery and 3 and 12 months following surgery. Higher scores represented better health states. Confidence intervals for the PCS and MCS scores, which have the greatest reliability among the SF-36 scores, were examined for changes between baseline and 3-month scores, and between baseline and 12-month scores.
24,25
Neuropsychological Assessment
Each patient was administered a comprehensive neuropsychological evaluation preoperatively and 3 months and 1 year after surgery (Table 3 ). Tests were administered by a board-certified clinical neuropsychologist (P.J.M.) according to a standardized protocol. To ensure comparability across tests, the raw neuropsychological test scores were rescaled to standard equivalents (Z-score transformation) using the means and standard deviations from published normative data corrected for age, sex, and education. A patient's score for each neuropsychological domain was obtained by averaging the Z-scores for tests measuring that function. To gauge change in neuropsychological abilities with DBS implantation, the percentage of change from baseline relative to 1-year follow-up was calculated (Table 4).
Results
Postoperative MR imaging confirmed electrode placement in the anterior dorsolateral STN bilaterally in all patients. Table 2 lists the clinical results following surgery. All assessments are reported in the stimulator-on state. Overall, significant improvements in scores over time were noted, with a 5 Ϯ 2.5-point improvement in the TWSTRS motor score (p = 0.04), a 7 Ϯ 1.6-point benefit in the TWSTRS disability score (p = 0.02), and a 14.9 Ϯ 5.9-point improvement in the TWSTRS total score (p = 0.03). There were no significant differences in the movement or disability subscores of the BFMDRS. Because no differences were found between stimulation-on or -off states (results not shown), reported scores are in the stimulation-on state.
Case 1
Following surgery, neck and shoulder pain and head tremor were reduced. However, the BFMDRS worsened slightly over the follow-up period, mainly in the areas of
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Treatment of idiopathic dystonia with STN DBS speech and walking. The TWSTRS scores modestly improved in all domains, especially in the pain subscale (60% improvement at 12 months). Medication doses were reduced by approximately half at the last follow-up visit.
Case 2
Immediately following bilateral stimulator placement the patient experienced marked improvement in the torticollis and head tremor, complete resolution of the hand tremor, and improvement in neck pain at 3 months. All medications for dystonia were discontinued. The patient was able to maintain a neutral position the majority of the time, and he no longer required the sensory trick to bring his head to midline. Following surgery he was well enough to return to work; however, due to constant computer use his neck pain recurred which was reflected again by higher pain scores at the time of evaluation. When the patient had discontinued computer use, his neck pain once again resolved completely (after study termination).
Case 3
This patient experienced immediate reduction in the severity of low-back pain and retrocollis/lordosis after initial programming. However, the BFMDRS and TWSTRS scores at the 3-and 12-month evaluations were similar or slightly worse than baseline, and he continued to be severely disabled from the dystonic postures, neck pain, and worsening depression. * Ratings obtained at the postsurgical evaluations were performed in the stimulation-on state; the maximum possible score for each scale is indicated (0 = no disability). Abbreviations: BP = bipolar; config = configuration; LS = left stimulator; MP = monopolar; ND = not done; RS = right stimulator; SEM = standard error of the mean; -= denotes worsening of scores.
† Calculated using analysis of variance. 
Case 4
The patient's foot posture improved, and his neck ROM increased in all directions 1 month following DBS placement and initiation of stimulation. At the 3-month evaluation, he exhibited improved dexterity and handwriting with no hand tremor or posturing. Pain and disability were markedly improved by 3 months. Despite mild residual foot posturing, he was now able to walk 10 blocks easily, which he had not been able to do prior to surgery. All medications for dystonia were discontinued. Examinations at 3 and 12 months showed moderate left laterocollis and shift, but no head tremor. Figure 1 represents the PCS scores for the four patients. None of the patients showed a significant difference between their baseline and 3-month scores. Only the patient in Case 2 showed a significant improvement between baseline and the 12-month visit.
Quality of Life
The MCS scores are shown in Fig. 2 . Two patients (Cases 1 and 4) displayed significant improvement between the baseline and 3-month visits, and three of the four patients displayed significant improvements between baseline and 12 months.
The condition of the patient in Case 3 deteriorated between the preoperative and 3-month examinations. These deficits were still present 12 months after surgery.
Neuropsychological Function
The Z-score profile on the neuropsychological assessment for each patient is presented in Fig. 3 .
The degree of decline and specific cognitive domains affected varied considerably between patients. On average, at 1 year, all four patients demonstrated a mild, insignificant decline in basic executive functions (~ 7.5%), although none of these scores fell in the clinically impaired range. Across patients, attention, processing speed, and visuospatial abilities did not significantly change (either better or worse) following surgery.
The conditions of three of the four patients were considered clinically impaired at baseline in the verbal memory domain; two of these conditions worsened further following surgery although only one (Case 3) worsened appreciably. All four patients were considered clinically impaired at baseline regarding visual memory; two of these patients worsened further after surgery. Language skills declined slightly for three patients when tested at follow-up, two of whom fell into the clinically impaired range.
With the exception of the patient in Case 4, the remaining three patients experienced improvement in their ratings of affective distress (that is, depression and anxiety) 1 year following surgery. The patient in Case 4 experienced a mild worsening in his anxiety and depression scores, although these were markedly higher at baseline than those in the other patients. The scores were not in the clinically relevant range either at baseline or at follow-up.
Discussion
In this series of adults with severe idiopathic dystonia refractory to medical therapy, bilateral STN DBS led to improvement of dystonia severity and reduced disability within 3 months that was also reflected in improvement in QOL scores. This was sustained for at least 12 months following surgery in three of the four patients. In these patients, medication doses for dystonia treatment were markedly reduced.
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Clinical Outcome
Although the BFMDRS and TWSTRS have been validated and used in previous clinical trials to measure the efficacy of dystonia treatments, 22 dystonia is highly variable even within an individual in both the severity of movement and its duration, and both scales may lack sensitivity and may not accurately reflect the extent of clinical or functional improvement noted by the patient or the examiner. In these cases, tremor severity was much improved but was not reflected anywhere in the scoring as the scales do not measure tremor severity.
As electrode placement in the STN was optimized in all patients, the relative lack of benefit in the patients in Cases 1 and 3 may be related to other factors. The latter patient became increasingly depressed over the course of followup, and he had fixed orthopedic lower-limb and neck deformities resulting in severely restricted ROM (as demonstrated when he was in a state of general anesthesia) as well as other complicated medical problems that further limited his mobility and reduced his QOL. The lack of improvement in his scores partially reflected fixed defects. Fixed tonic postures or orthopedic changes may be common in adults with refractory dystonia 16, 19 and are an important consideration in the selection of candidates and the timing of surgery. On the other hand, patients with good neck ROM intraoperatively in a state of general anesthesia were most likely to exhibit improvement in mobility. In those patients with fixed deformities while in a state of anesthesia, disability was unchanged following surgery. Of note, even in these refractory patients, there was improvement in pain scores suggesting that DBS may modulate pain independently of its effects on movement. 8 Despite these limitations and the small sample size, effectiveness of the procedure was reflected in significant improvements between patients over time in the TWSTRS motor, disability, and total scores. The lack of differences in scores between on-and off-stimulation states likely reflected an inadequate waiting interval between states as changes in dystonia may occur slowly. 5 In dystonia, the minimal time interval between states necessary to reflect a change in clinical status is not known. Similarly, the ideal stimulation parameters may vary significantly according to the cause and type of dystonia; the experience with pallidal DBS suggests that higher stimulation amplitudes and pulse widths may be required to control dystonia than those used for Parkinson disease. 26 Alternately, there are also cases of profound benefit with low-frequency stimulation (M. Tagliati, personal communication, 2005).
Quality of Life
The STN DBS resulted in minimal improvements in PCS. However, significant improvements on MCS were found in three of the four patients between baseline and 12 months. The MCS scores have been found to relate to changes in mental health, emotional health, and emotional well-being. 24 Although there was no significant improvement in the PCS scores, the fact that the MCS scores improved dramatically suggests that other features of the condition aside from the motor aspects contribute to wellbeing. Even in those patients whose dystonic posture and disability did not improve, pain improved which is likely an important contributor to QOL.
Neuropsychological Function
Overall, there was no marked decline in cognitive function attributed to the procedure. Most patients demonstrated impairments in multiple neuropsychological domains at baseline testing, particularly verbal and visual memory and fine motor speed. Difficulties in fine motor speed at the baseline assessment are not surprising given dystonic involvement of the hands in two of four cases. Deficits in neuropsychological function have previously been identified in patients with primary idiopathic dystonia. Specifically, neuropsychological deficits have been reported in attention and executive function domains; 7, 20 however, there are also reports of no executive disturbance in these patients but instead deficits in category fluency and fine motor speed. 15 Visuospatial deficits have also been observed in patients with primary idiopathic spasmodic torticollis. 12 Although none of the patients in this series presented with clinically impaired attention or executive function abilities at the baseline assessment, all patients had below-average attention and three of four had below-average executive function abilities prior to surgery. Patients were taking psychoactive medications to treat their symptoms, which may have contributed to the impaired baseline cognitive function. Importantly, decreased levels of depression and anxiety were observed in most patients.
Conclusions
To our knowledge, this is the first series of patients with idiopathic dystonia treated with STN DBS and evaluated in terms of clinical results, QOL, and neuropsychological outcomes. Although further study is required to identify patient characteristics that predict best surgical outcome, appropriate selection of target and stimulation settings, and long-term effects of the procedure, these results suggest that STN DBS can reduce dystonia severity, disability, and pain, and provide improvement in some aspects of QOL in patients with refractory segmental or generalized dystonia.
